INCREASING BURDEN OF STROKE
Although the incidence and mortality rates of stroke and other cardiovascular diseases (CVDs) are declining, 1 the absolute number of people affected by and remaining disabled from stroke has increased significantly at the global, regional and country-specific levels. Globally, the number of deaths from stroke has increased by 41%, incident strokes by 66% and prevalent strokes by 84%. [2] [3] [4] There is virtually no country in the world where the absolute number of incident, fatal or prevalent strokes or disability-adjusted life years (DALYs) lost associated with stroke has decreased over that period of time. 2 5 Although ageing and population growth were shown to be the main drivers of the increased CVD (including stroke) mortality in the world, 6 not all of the increased stroke burden can be accounted for by these demographic changes. For example, the proportional contribution of DALYs and deaths due to stroke globally compared with all diseases from 1990 to 2013 increased by 31% and 22%, respectively. Stroke is now no longer a disease of the elderly, with more than 60% of all strokes occurring in people aged <65 years. 7 8 Furthermore, in 2015, stroke moved for the first time from the third to the second largest cause of DALYs in the world. 1 These changes in the proportional contribution of stroke burden to the overall burden from all other diseases and the trend
Key questions
What is already known about this topic?
▸ Stroke and cardiovascular disease (CVD) burden is increasing across the globe. ▸ There are two primary prevention strategies for stroke and CVD: mass or population-wide prevention and high-risk prevention.
What are the new findings?
▸ Currently used primary stroke/cardiovascular disease (CVD) prevention strategies are not effective enough and there are major gaps in primary stroke prevention strategies. ▸ Mobile technologies offer new promising ways of bridging the gap between population-wide and high-risk prevention strategies and enhancing primary stroke/CVD prevention.
Recommendations for policy
▸ The emphasis in primary stroke/cardiovascular disease (CVD) prevention should be shifted from high-risk prevention to prevention at any level of CVD risk, with the focus on behavioural risk factors. ▸ The proposed features of mobile technology to motivate and empower people to reduce their risk of stroke/CVD can help to reduce stroke/ CVD burden across the globe and open up a new, 'motivational population-wide', universally accessible and effective strategy for primary prevention of other major non-communicable disorders.
towards affecting younger populations cannot be explained by these demographic changes alone. Similar global negative trends were also observed for CVD and other non-communicable disorders (NCDs) and risk factors, especially for behavioural risk factors, overweight and diabetes mellitus, 9 10 prompting the United Nations (UN) to develop a special NCDs Declaration, 11 followed by the WHO Global Action Plan 12 on NCDs to attain a global target of a 25% reduction in premature deaths from NCDs. 13 If the current trend in stroke burden continues, stroke will likely become the major cause of death and disability worldwide. Moreover, recent GBD 2015 Study estimates demonstrated that none of the 188 participating countries currently meets all of the UN's health-related sustainable development goals (SDGs) 14 and that the median health-related SDG index in 2015 was only 56.2 (out of 100 maximum possible).
This then raises questions on the achievability of the WHO NCDs Global Action Plan and health-related SDGs by 2025. For example, in a recent editorial of The Lancet, it was stated that without a rapid increase in action, the WHO target of a 10% reduction in physical inactivity by 2025 will not be reached. 15 These large increases in stroke/CVD burden and risk factors strongly suggest that currently used primary stroke/CVD prevention strategies are not sufficiently effective. 5 Given the highly preventable nature (>90%) of stroke and CVD, 9 
MASS STRATEGY AND HIGH-RISK STRATEGY: PROS AND CONS
In 1981, Geoffrey Rose laid a foundation for a mass (population-wide) strategy 18 as the most effective strategy for primary stroke/CVD prevention. Apart from the large population-wide effect of even a minor shift in the distribution of risk factors in the population, the huge advantage of the primary population-wide strategy is that it allows prevention of not only stroke/CVD but a wide range of other non-communicable diseases (NCDs) that share common risk factors, including cancer and diabetes.
However, population-wide strategy requires policy and legislative changes that are often not supported by major industries (eg, salt reduction in processed food, reduction in exposure to smoking, alcohol, fast food) and, therefore, is very difficult to implement. For example, although cigarettes were recognised as the cause of the lung cancer epidemic in 1950 and the first Public Health Cigarette Smoking Act was introduced in the USA in 1969, it took several decades before various policies towards smoking reduction on an international level started being implemented worldwide, and even now smoking remains one of the largest contributors to the burden of stroke/CVD 9 16 17 and other major NCDs in the world. 10 In addition, population-wide primary prevention often requires substantial investments (eg, setting up affordable and widely accessible health outlets, affordable healthy foods and facilities for adequate physical activities to integrate physical activity into our daily lives 15 ). Governmental actions are political decisions that often meet resistance from the population/voters or from non-state actors, such as industry. As acknowledged by the UN General Assembly in 2014, there has been very slow, insufficient and uneven progress in the governmental mass strategy prevention programmes. 13 All these challenges make the population-wide primary stroke/ CVD prevention strategy very difficult to implement on a national level and, although the mass strategy was suggested by Rose 35 , led some to believe it was necessary 'to reduce or obviate the need for population prevention strategies in favour of high-risk strategies'. Unlike mass or population-wide primary prevention strategy when preventive interventions (reduction in exposure to risk factors and increase in exposure to potentially healthy, protective factors) are introduced to the whole population regardless of their baseline level of risk for stroke/CVD, the high-risk prevention strategy implies screening of the population to identify people with increased absolute risk of stroke/CVD. 20 21 In 2007, there was a 'Head to Head' debate in the British Medical Journal between Jackson et al 22 who argued that screening individuals at high risk of CVD would be effective as well as cost-effective and Capewell 23 who argued that whole population approaches would be more cost-effective. In our opinion, although high-risk strategy is good at taking an integrative approach for primary stroke/CVD prevention and can be used as a guide for making clinical decisions on the intensity and effectiveness of preventive interventions, 19 24 it has a number of significant limitations. 5 Moreover, the most recent evidence has proven that opponents of the high-risk strategies were correct. It has recently been estimated that high-risk strategy theoretically could, at best, reduce CVD incidence by 11%, 25 but evidence from the most recent 15 randomised controlled trials (over 240 000 patients, including Cochrane Systematic Review) 26 27 convincingly showed that just screening of the population for CVD risk, even when combined with some counselling, is not effective at all (compared with the current preventive strategies) for reducing stroke/CVD incidence and mortality on a population level. This situation with the high-risk strategy may be described as Rose's 'prevention paradox', just the other way around-'a measure that brings benefits to high-risk individuals offers little to the community'. On the other hand, evidence from the North Karelia Project and two other subnational studies have confirmed the effectiveness of the population-wide strategy for stroke/CVD prevention. [28] [29] [30] However, despite this compelling body of evidence, the high-risk approach is still being used in preference over the population-wide approach. 25 
MAJOR GAPS IN PRIMARY STROKE/CVD PREVENTION
Current primary stroke prevention strategies are not sufficiently effective, 31 as there are several gaps in prevention. 1. Lack of awareness: Despite the evidence for modifying health behaviour, 32 the level of public awareness of stroke, its risk factors and management is low. 33 This means that behaviour modification is suboptimal and can (and should) be greatly enhanced; 2. Underusage of population-wide strategies: In 2008, Capewell 23 argued that the greatest danger arising from the high-risk approach is that it is 'misleading professionals, planners and politicians into thinking they can tick the mission accomplished box for preventing cardiovascular disease'. The lack of use of the population-wide prevention strategy and unreasonably excessive focus on high-risk prevention strategies have been suggested as the main reasons for the lack of efficiency of the currently used primary stroke/ CVD prevention; 5 3. False reassurance of low risk: Current primary prevention strategies recommendations primarily target people with moderate to high absolute CVD risk. 34 Individuals labelled as 'low risk' are falsely reassured and not motivated to reduce their risk, despite many having several modifiable risk factors. Indeed, ∼80% of strokes occur in people categorised as having low absolute risk. 35 In a recent Editorial in the International Journal of Epidemiology, 36 Chiolero et al wrote that "a fundamental failure of high-risk prevention strategies is their inability to prevent disease in the large part of the population at a relatively small average risk and from which most cases of disease originate." Therefore, the majority of the population is effectively left out of preventive interventions. It was also suggested that in communicating absolute CVD risk, categorisation of people into low, moderate (mild) and high risk should be abandoned; 5 4. Management of blood pressure: The current stroke/CVD absolute risk assessment guidelines 20 34 37 management approach is based on overall CVD risk. Thus, individuals with blood pressures (BP) higher than 140/90 mm Hg, which conventionally defines hypertension, 38 may not be treated with antihypertensive medication because of a 5-year absolute CVD risk below 15%. 39 However, elevated BP is an important modifiable risk factor and has been identified as a leading cause of stroke/CVD burden worldwide, 9 16 17 and therefore should be controlled appropriately; 9 5. Important stroke risk factors missed from screening: With the exception of smoking, behavioural risk factors such as poor diet, sedentary lifestyle, chronic stress, overweight and excessive alcohol intake are not usually included in the stroke/CVD risk algorithms that are currently used. This is despite the fact that nearly three-quarters of the global burden of stroke is linked to lifestyle choices. 9 6. Low specificity of the CVD prediction algorithms: Most of the currently used CVD/stroke prediction algorithms are based on the Framingham study of a primarily white population of North America, which may not be accurate enough for other racial/ethnic groups. 37 7. Cost barrier: Seeing a physician for a CVD risk assessment is a cost barrier for some, especially for people in low to medium-income countries, hence a low-cost method of risk assessment is needed to address this issue. In addition, screening programmes for identifying high-risk individuals require considerable efforts and cost, therefore unlikely to be widely implemented in resource-poor countries and socially disadvantaged populations, even in high-income countries.
BRIDGING THE GAP BETWEEN MASS AND HIGH-RISK STRATEGIES
Recent advances in mobile (smartphone) technologies and their worldwide use (about 2 billion estimated users in 2015) 40 offer unique opportunities to use these technologies for improving health and research capabilities. 41 In a recent Scientific Statement of the American Heart Association (AHA) on consumer use of mobile health for CVD prevention, 42 it was stated that mobile technologies have the potential to provide required information to counsel and motivate individuals to engage in behaviours to prevent CVD and 'to transform the delivery of health-related messages and on-going interventions targeting behaviour change'.
In recognition of the importance of e-research NCD initiatives, the UN Economic and Social Council, the International Telecommunication Union (ITU) and the WHO recently ( June 2013) launched a new mHealth initiative for improving NCD prevention, treatment and policy enforcement. 43 However, some health professionals raised concerns about the use of mobile technologies for primary prevention, such as likely low efficacy and sustainability of the prevention effect as well as the likely short usage of the app during the lifetime, distraction from more effective population-wide prevention strategies and widening inequalities between those who can afford smartphones and those who cannot.
Here, we would like to address these concerns, challenge Rose's 1981 statement 18 that "we should not expect too much (in terms of prevention) from individual health education" and suggest a new, potentially highly effective population-wide app-based primary prevention strategy that can be used not only for stroke and CVD prevention but also for primary prevention of other NCDs.
Low efficacy and sustainability of prevention effect There are a number of stroke/CVD and other NCD apps currently available in Apple Store and Google Play and there are several smartphone-based technologies and apps that were or are being used in clinical trials for managing particular medical conditions and risk factors (eg, CVD risk factor modification, healthy behavioural changes), [44] [45] [46] [47] [48] [49] [50] [51] [52] with promising results. As stated by the AHA on the issue of mobile health for CVD prevention "the current absence of evidence should not be used as evidence of an absence of effectiveness. Instead we need to embrace the challenge of producing this needed evidence on how effective these new technologies are and how we can best adopt them in our practice to promote better patient care." 42 A series of initiatives and grants to address gaps in digital health science are currently underway in the USA and many other countries. As to the educational component of the apps (eg, stroke warning signs, risk factors and how to control them based on the well-acknowledged international guidelines), this component of the apps needs no further evidence to be used as widely as possible.
Short usage of the app during the lifetime This is probably the greatest challenge of the app development that needs to be addressed. To be used regularly for primary prevention, the app needs to be pro-actively requested by the user and meet several criteria, including to be easy-to-use, user-friendly, culturally appropriate, interactive and motivate the users to use it with the right periodicity as long as possible.
Distraction from more effective population-wide prevention strategies We believe that mobile technologies for primary prevention should not be presented as alternatives for population-wide or even high-risk strategies but as an add-on tool to enhance primary prevention. Focusing on healthy behavioural modification, appropriate mobile technologies do not have an issue of medicalisation associated with high-risk approach.
Widening inequalities between those who can afford smartphones and those who cannot This concern was correct when smartphones had only just entered the market and were not affordable for the majority of the population. Even in emerging and developing nations, smartphone ownership rates are rising at an extraordinary rate, climbing from a median of 21% in 2013 to 37% in 2015. 40 The number of smartphone users in the world is projected to reach 6.1 billion by 2020. 53 Thus, delivering primary prevention information via affordable (ideally free to download) mobile platforms, especially culturally appropriate and translated into the world's most spoken languages, may be the most efficient strategy to reduce inequalities in health education and primary prevention.
Low efficacy of 'individual health education'
In his 1981 paper, Geoffrey Rose emphasised the importance of motivation in achieving and sustaining healthy behaviour, but he looked at the issue from societal perspective. He stated: "to influence mass behaviour we must look to its mass determinants, which are largely economic and social." While the economic motivation (eg, taxation on cigarettes, salt, sugar, alcohol, saturated fat) and social motivation (eg, public unacceptability of smoking and other unhealthy health behaviours and social encouragement of healthy lifestyle/behaviour) are very important for effective primary population-wide prevention strategies, the already high and increasing usage of smartphones throughout the world offers an additional, not only motivational, but also health educational tool to enhance primary prevention on the personal level.
In the area of stroke and CVD, one promising way of motivating individuals to look after their health could be by showing them their relative risk or lifetime risk 37 54-56 of having a disease, which is also far easier to understand by lay people than absolute risk. For example, a White/Caucasian man aged 35 years who smokes and has a BP of 140/85 mm Hg has 2.9% 10-year absolute risk of CVD (myocardial infarction or stroke as determined by ASCVD Risk Evaluation 37 57 or similar PREDICT 58 algorithm), which is conventionally regarded as mild/low risk. If this individual is told that his risk of having CVD is mild/low, he (most likely) would believe that he is safe from CVD and would not be motivated to reduce his risk, even though he has two very significant risk factors for CVD (hypertension and smoking) that warrant adequate preventative interventions.
The ASCVD Risk Evaluation shows that the same individual's 10-year risk with optimal risk factors equals to 0.6%, meaning that the relative risk of having CVD is almost 5. The lifetime risk of that individual is 50% and 5% with optimal risk factors, meaning that his lifetime relative risk is 10. It would be logical to assume that if the same individual were told that his CVD risk is 5-10 times greater than someone of his age, sex and race/ ethnicity, he would be interested to know why his risk is so high and what he could do to reduce it. For the purpose of motivation, it has also been recommended to use various risk visualisation techniques. 56 59 60 WHERE TO FROM HERE? For primary stroke prevention to be effective, the emphasis should be shifted from high-risk prevention to prevention at any level of CVD risk, with the focus on behavioural risk factors. It was recently suggested that motivating and empowering people to reduce their risk of having a stroke/CVD using increasingly used smartphone technologies would bridge the gap in the population-wide and high-risk prevention strategies and reduce stroke/CVD burden worldwide, 5 55 even in developing countries such as Africa and India, 61 where ownership of smartphones is already high and increasing. Evidence of the efficacy of smartphone technologies for management and prevention of CVD and other NCDs and risk factors is accumulating with promising results. 44-46 62-64 Capitalising on the mobile information technology that motivates and empowers people throughout the world to reduce their risk of having a stroke/CVD represents a new paradigm in mass primary prevention, 65 which we suggest calling 'motivational population-wide strategy. ' An example of this strategy is the validated Stroke Riskometer app, 55 66-68 endorsed not only by all major international organisations (World Stroke Organization, World Federation of Neurology, World Heart Federation and European Stroke Organisation) but also an increasing number of national stroke organisations, including China Stroke Association, Australian Stroke Foundation and the National Russian Organisation for the Fight Against Stroke. In 2014, the app was voted by senior American doctors as the number 1 app in Medical Conditions among 100 000 + health-related apps worldwide, 69 and since then has been downloaded >100 000 times from over 100 countries.
The app not only empowers people to know their absolute risk (as many other CVD apps do) 57 70 but also Figure 1 Comparison of conventional population-based, high-risk and motivational population-wide cardiovascular disease (CVD) prevention strategies. Modified from WHO 'Cardiovascular disease prevention and control. Translating evidence into action'. 72 (A) Population-based prevention strategy aimed at shifting the distribution of risk factors and associated CVD risk in the whole population towards optimal distribution of CVD risk (shadowed in grey area shows a theoretically possible proportion of the population that could benefit from this strategy); (B) high-risk prevention strategy aimed at treating the individuals at high absolute risk of CVD (shadowed in grey area shows a theoretically possible proportion of the population that could benefit from this strategy; with the 20% cut-off for 10-year high CVD risk, only about 13% of the population could benefit from this strategy); 73 (C) motivational population-wide CVD prevention strategy aimed at managing CVD risk factors in the individuals at the high relative risk of CVD (shadowed in grey area shows a theoretically possible proportion of the population that could benefit from this strategy; with two CVD risk factors, almost 80% of the population could benefit from this strategy). their relative risk of having a stroke within the next 5-10 years, thus motivating them to reduce their risk of stroke. For example, for an 82 kg, 170 cm, man aged 25 years, with a poor diet (<6 servings of fruits/vegetables a day), not physically active enough and with systolic BP of 127 mm Hg, the 5-year absolute risk of having a stroke is only 0.65%. However, this man's relative risk of having a stroke is 2.8, and this, we believe, would motivate him to know why his risk is increased and what he can do to reduce it. As 78% of adults free of CVD have two or more modifiable CVD risk factors such as BP, cholesterol, glucose, body mass index, smoking, physical activity or diet, 71 and therefore will have a noticeably increased relative risk of stroke shown in the app arguably sufficient to motivate them to reduce their risk, we believe that the effectiveness of the app in preventing stroke and other major NCDs that share common risk factors with stroke may be close to that of the mass strategy (figure 1). 65 Apart from these risk factors, the app includes additional risk factors such as alcohol intake, stress, family history of CVD and diabetes; therefore, the proportion of adults free from CVD disease who have two or more CVD risk factors included in the app is likely to be noticeably >78%. The app also educates users about stroke warning signs (extended version of the Face-Arm-Speech-Time (F.A.S.T.)), their individual and overall risk factors and how to control them by using evidence-based and internationally recognised guidelines.
Unlike some costs associated with the implementation of population-wide primary prevention strategies and significant costs associated with screening of the population for implementation of high-risk prevention strategies, an app-based primary prevention strategy carries virtually no cost and there are no counterproductive stakeholders that may influence the individual's decision to reduce their risk of having a disease. It carries no risk of adverse events and is basically a 'nothing to lose' strategy.
There is evidence that a combination of populationwide and individual approach integrated into the primary care for CVD prevention is effective in reducing CVD mortality and also reduces socioeconomic inequalities in CVD mortality. 74 By taking advantage of population-wide and high-risk prevention strategies and at the same time addressing their current limitations, these mobile technologies could be incorporated into the hospital and community patient management systems (figure 2), thus providing an important (currently missing) interface between patients and healthcare providers.
In addition, the app provides a unique research tool for collecting much needed epidemiological data on stroke and other major NCDs across the globe, and the international app-based epidemiological RIBURST study (Reducing the International Burden of Stroke Using Mobile Technology) 55 is already underway. The Stroke Riskometer app is currently being piloted in New Zealand in a randomised controlled trial called MARS (Mobile Application to Reduce Risk of Stroke; ANZCTR Trial Registration Number ACTRN12616000376448p).
Preliminary results indicate the feasibility of recruitment and acceptability of the intervention by participants. Pilot findings showed that those randomised to the intervention group used the app at least one, but up to six, times in 3 months. The participants also provided positive feedback on the trial experience. For example; "That is awesome, to have an app do that. I am really concerned about my health and want to do something about it, just need a motivation"; "My mum had a stroke. I know how it affects everyone. I want to live healthier for my family and my children"; "I have a partner who has had a stroke. I wasn't with him at the time but I want to understand it more and why it happens"; "I want to be a good role model for my kids. I want to show them how to live healthy and eat healthy." These quotes highlight the desire for people in the community to know more about stroke and take action for better health, and also the need for a tool that will allow them to do so, thus proving the motivational value of the app. The trial is expected to be completed by mid-2017.
With more than 300 collaborators in over 100 countries, the RIBURST study is one of the largest international epidemiological studies of stroke, myocardial infarction, dementia and type 2 diabetes mellitus in the world. The app has the potential to save millions of lives around the world, by being translated into the world's most spoken languages (covering over 90% of the world population), motivating and empowering people to reduce their risk of not only stroke but also other major NCDs that share common risk factors with stroke, such as ischaemic heart disease, dementia and diabetes mellitus. It was suggested that improving CVD health by improving control of CVD risk factors will also reduce the burden of cancer and other chronic disease. 75 Such a motivational population-wide strategy could open a new page in primary prevention of not only stroke/CVD but also other NCDs worldwide.
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